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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
The ability of materials to withstand defects like cracks, notches or generic geometric discontinuities, is usually indicated as flaw 
tolerance, and is a crucial aspect of the safety assessment of structural components.  Flaw tolerance in soft materials can be 
substantially different from that in traditional ones.  As a matter of f ct, the capacity of highly deformable materials to undergo 
large deformations with a significant rearrangement of the molecular network at the miscroscale in highly stressed regions  can 
enhance such an ability, leading to an erroneous underestimation of their safety level against defect-driven failure, if traditional 
methods of analysis are employed.  In the present research work, the mechanics of highly deformable notched plates is 
considered from the fail-safety point-of-view.  Experimental, numerical and theoretical remarks are made in order to explain the 
mechanism of defect resistance in such a class of materials  from a physically-based point-of-view. 
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1. Introduction 
As is well-known, structural components containing defects such as holes, notches, cracks, etc. under an applied 
stress can reach failure more easily than the c rresponding unflawed components (Neuber (1937), Westergaard 
(1939), Williams (1952), Creager (1966), Creager and Paris (1967)).  In the present paper, the influence of defects is 
examine  for materials w th the ability to withstand igh deformation, which are generically termed as soft 
materials.  This term indicates a wide class of materials: liquids, liquid crystal elastomers, colloids, polymers, foams, 
gels, granular materials, and several biological materials. 
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1. Introduction 
As is well-known, structural components containing defects such as holes, notches, cracks, etc. under an applied 
stres  can reach failure more easily tha  the corresponding unflawed components (Neuber (1937), Westergaar
(1939), Willi ms (1952), Creag r (1966), Creager and Paris (1967)).  In the present paper, th  influence of defects is
examined for materials with the ability to withstand high deformation, which are gen r ca ly terme  as soft
mat rials.  This term indicates a wide class of ma eri ls: liquids, liquid crystal elastomers, colloids, poly rs, foams,
gels, granular materials, and several biological materials. 
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These fully amorphous materials, characterized by very long linear entangled macromolecules in polymer melts 
or polymer solutions (Fig. 1a), have in common a physical behaviour that depends on an energy scale comparable 
with the thermal energy corresponding to the room temperature.  The deformation of such a class of materials is 
characterized by the relative motion of the long composing macromolecules, a phenomenon called ‘reptation’ by the 
physic’s Nobel prize winner Pierre-Gilles de Gennes, who is considered the founder of the science of soft matters 
physics (de Gennes (1971, 1991)).  Such a term has been coined to indicate the dependence of the mobility of a 
macromolecule on its length, and such a mechanism describes the viscous flow in an amorphous polymer. 
A noticeably contribution in the field of polymeric materials is that by the physic’s Nobel prize winner Paul J. 
Flory (1989), with his fundamental theoretical and experimental achievements in the physical chemistry of the 
macromolecules.  While the mechanical behaviour of a traditional material depends on the bonding strength and 
stiffness existing between atoms, the macroscopic characteristics are more related to entropic-related effects in 
elastomers, since the polymeric chains (connected to each other through covalent bonding in several cross-link 
junctions, Fig. 1b) can easily be deformed.  Stretching the polymeric chains has the consequence to increase the 
material’s internal energy, while the entropy decreases due to the more elevated chain order that is produced by the 
stretch (Fig. 1c).  In summary, it is possible to state that the physical properties of an elastomer, which can be 
defined as a solid which has an indefinite molecular weight and swells in solvents, are determined by the degree of 
cross-linking existing between the constituting chains. 
 
 
(a)      (b)      (c)  
Fig. 1. (a) Scheme of a 3D polymer network. Simple sketch of : (b) unstretched  and  (c) stretched cross-linked polymeric chains. 
In the present paper, the problem of defect-induced failure in elastomeric sheets is examined from both 
experimental and theoretical point-of-view.  This paper extends a previous work by the Authors (Brighenti et al. 
(2016)) related to the stress concentration factor in soft sheets.  Various degrees of severity of the initial defect are 
herein considered by changing the notch root up to the limit case of a straight crack, and the observed ultimate 
mechanical behaviour is quantified and interpreted. 
2. Mechanics of elastomers 
The mechanical behaviour of a polymer network, such as a rubber or a generic elastomer, can be obtained 
starting from the elasticity of a single polymer chain.  The polymer network consists of cross-links (see dots in Fig. 
1b, c) and the polymer chains connecting them; part of the polymer chain between neighboring cross-links is usually 
termed as the sub-chain.  Let us assume that our mechanical system is composed by a cross-linked chain network. 
According to the Khun’s theory of rubber materials, that can be formulated on the basis of the random walk 
approach (Fig. 2), the entropy increment S∆  between two states in a given point of the material’s chain under study 
(say reference 0Ω  and final state 1Ω , Fig. 1b, c) is given by (Doi (2013), Flory (1989)):  
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where J/K1038.1 23−⋅=k  is the Boltzmann constant.  Further, 3/,0, 22 bN == σr  are the number of segments in 
the polymer chain, the average value of the end-to-end distance (with sign) of one chain, and the variance of the 
chain length, being b  the segment length (Fig. 2a), respectively.  The variation of the work, related to the entropy, 
of a single stretched polymer chain becomes (Doi (2013)): 
0Ω  1Ω  
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As is well-known, structural components containing defects such as holes, notches, cracks, etc. under an applied 
stress can reach failure more easily than the corresponding unflawed components (Neuber (1937), Westergaard 
(1939), Williams (1952), Creager (1966), Creager and Paris (1967)).  In the present paper, the influence of defects is 
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macromolecules.  While the mechanical behaviour of a traditional material depends on the bonding strength and 
stiffness existing between atoms, the macroscopic characteristics are more related to entropic-related effects in 
elastomers, since the polymeric chains (connected to each other through covalent bonding in several cross-link 
junctions, Fig. 1b) can easily be deformed.  Stretching the polymeric chains has the consequence to increase the 
material’s internal energy, while the entropy decreases due to the more elevated chain order that is produced by the 
stretch (Fig. 1c).  In summary, it is possible to state that the physical properties of an elastomer, which can be 
defined as a solid which has an indefinite molecular weight and swells in solvents, are determined by the degree of 
cross-linking existing between the constituting chains. 
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In the present paper, the problem of defect-induced failure in elastomeric sheets is examined from both 
experimental and theoretical point-of-view.  This paper extends a previous work by the Authors (Brighenti et al. 
(2016)) related to the stress concentration factor in soft sheets.  Various degrees of severity of the initial defect are 
herein considered by changing the notch root up to the limit case of a straight crack, and the observed ultimate 
mechanical behaviour is quantified and interpreted. 
2. Mechanics of elastomers 
The mechanical behaviour of a polymer network, such as a rubber or a generic elastomer, can be obtained 
starting from the elasticity of a single polymer chain.  The polymer network consists of cross-links (see dots in Fig. 
1b, c) and the polymer chains connecting them; part of the polymer chain between neighboring cross-links is usually 
termed as the sub-chain.  Let us assume that our mechanical system is composed by a cross-linked chain network. 
According to the Khun’s theory of rubber materials, that can be formulated on the basis of the random walk 
approach (Fig. 2), the entropy increment S∆  between two states in a given point of the material’s chain under study 
(say reference 0Ω  and final state 1Ω , Fig. 1b, c) is given by (Doi (2013), Flory (1989)):  
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where J/K1038.1 23−⋅=k  is the Boltzmann constant.  Further, 3/,0, 22 bN == σr  are the number of segments in 
the polymer chain, the average value of the end-to-end distance (with sign) of one chain, and the variance of the 
chain length, being b  the segment length (Fig. 2a), respectively.  The variation of the work, related to the entropy, 
of a single stretched polymer chain becomes (Doi (2013)): 
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Fig. 2. Scheme of a polymer chain and definition of its end-to-end vector (a), probability distribution functions of the chains lengths (b)  
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where the last expression of )(FΨ  provides the work in a general 3D framework, while the work for the simple case 
of the material stretched only along the three coordinate axes is given by )(λΨ .  In other words, )(λΨ  represents 
the strain-free energy per chain contained in an elastomer stretched by 
zyx λλλ ,, .  The above energy per single 
chain (Eq.2) can be used to determine the stored energy per unit volume of material.  To this end, it is necessary to 
define the chain end-to-end distance distribution in the material that is usually assumed to be a Gaussian function 
),( trϕ  in elastomers: 
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c  being the links’ concentration per unit volume.  The energy stored in the unit volume of polymer can be 
expressed by:  
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where )(rU  is the energy per single chain.  The application of a given stretch – represented by the deformation 
gradient F  – produces a modification of the distribution function ),( trϕ  since the chains’ length changes and, 
therefore, the concentration of links for a given end-to-end distance is not equal to that in the stress-free state (Fig. 
2b) (Doi (2013)): 
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being 2
1
22
0 Nb
N
i i∑ = == br .  In the above expression, the relation An ν=  has been used, where ν  is the number 
of linked moles per unit volume, A  is the Avogadro’s number, and n  is the number of linked chains per unit 
volume.  In a simple 1D case with a stretch along the x-direction (
xλ ), it is possible to write explicitly the stress-
strain relationship assuming an incompressible behaviour (an isochoric transformation is mathematically represented 
by the condition 1det == FJ ) as typically occurs for such a class of materials.  Such an incompressible constraint 
4 Author name / Structural Integrity Procedia  00 (2016) 000–000 
leads to the stretches 
xzy λλλ /122 ==  along the non-loaded Cartesian directions, while the Cauchy stress xσ  is given 
by: 
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Eq. (6) provides the initial tangent elastic modulus of the stress-strain curve, nkTddE xx 3/ == εσ , and represents 
the stress-strain constitutive relationship for the so-called neo-Hookean materials. 
3.  Failure in elastomers 
3.1. Microscopic failure: a model based on the evolution of the chains’ end-to-end distance distribution 
Failure in elastomers can be assumed to occur when stretching exceeds the maximum chains length, once the 
entanglement of the chains disappears because they reach their maximum possible elongation equal to Nb  (Fig. 1c).  
Physically, this corresponds to the detachment of the chains’ cross-links when the maximum elongated length is 
reached.  The chains that loose their reciprocal cross-linking do not contribute anymore to the load bearing capacity 
of the material, and must not be accounted for in the evaluation of the internal energy of the stretched material (Eq. 
5).  This microscopic failure occurring at the chains’ joints leads to a stress relaxation in the material.  Such a 
microscopic failure can be quantified by properly updating the probability distribution function ),( trϕ  due to the 
chains’ failure.  The evolution law for ),( trϕ  can be written by considering its variation in the time interval dt : 
[ ]dtttttt FF rrrrr ),(),(),(),(),( ϕϕδϕδϕδϕ  +=+= xlxl  (7) 
where the term 
xl),( trϕ  is the time derivative of ),( trϕ  (evaluated by assuming no changes in the actual existing 
cross-links, subscript xl), and 
FF rr ttt ∂∂= /),(),( ϕδϕ  is the time derivative of ),( trϕ  for a fixed deformation tensor 
F . The two above variations (
Frr ),(,),( tt ϕϕ  xl ) can be evaluated separately. The first term can be written as follows: 
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Eq. (8) provides the variation of the function’s value in the time interval dt , determined by changing the stretch of 
the chains from F  to dtFFFF +=+ δ .  The second contribution 
Fr ),( tϕ  in Eq. (8) can be expressed as follows:  
*),(),(),( rrrr F Htt ⋅= ϕϕ  (9) 
and gives us the variation of 
Fr ),( tϕ  with time related to the amount of the failed links (represented by the part of 
the distribution that exceeds the maximum allowable chain’s length Nb=*r , Fig. 2b).  *),( rrH  is the Heaviside 
function (i.e. 0*),( =rrH  for *rr <  and 1*),( =rrH  for *rr ≥ ).  
Eq. (7) is the total variation of the distribution of the chains length, expressed as the sum of their variation with 
respect to the applied stretch for a fixed cross-links configuration (term 
xl),( trϕ ) and the variation with respect to 
time for a fixed stretch, 
Fr ),( tϕ , taking into account the loose of the broken links in the polymer network.  
The above relationships give the variation of the distribution function with respect to the current state ( ),( trϕ ), 
and can be considered to fall in the Lagrangian formulation framework.  It can easily be deduced that the current 
concentration of the active cross-links is given by ∫+∞
∞−
= rr dttc ),()( ϕ  (graphically it represents the area under the 
),( trϕ  curve, Fig. 2b). 
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where the last expression of )(FΨ  provides the work in a general 3D framework, while the work for the simple case 
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zyx λλλ ,, .  The above energy per single 
chain (Eq.2) can be used to determine the stored energy per unit volume of material.  To this end, it is necessary to 
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Eq. (6) provides the initial tangent elastic modulus of the stress-strain curve, nkTddE xx 3/ == εσ , and represents 
the stress-strain constitutive relationship for the so-called neo-Hookean materials. 
3.  Failure in elastomers 
3.1. Microscopic failure: a model based on the evolution of the chains’ end-to-end distance distribution 
Failure in elastomers can be assumed to occur when stretching exceeds the maximum chains length, once the 
entanglement of the chains disappears because they reach their maximum possible elongation equal to Nb  (Fig. 1c).  
Physically, this corresponds to the detachment of the chains’ cross-links when the maximum elongated length is 
reached.  The chains that loose their reciprocal cross-linking do not contribute anymore to the load bearing capacity 
of the material, and must not be accounted for in the evaluation of the internal energy of the stretched material (Eq. 
5).  This microscopic failure occurring at the chains’ joints leads to a stress relaxation in the material.  Such a 
microscopic failure can be quantified by properly updating the probability distribution function ),( trϕ  due to the 
chains’ failure.  The evolution law for ),( trϕ  can be written by considering its variation in the time interval dt : 
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Eq. (8) provides the variation of the function’s value in the time interval dt , determined by changing the stretch of 
the chains from F  to dtFFFF +=+ δ .  The second contribution 
Fr ),( tϕ  in Eq. (8) can be expressed as follows:  
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and gives us the variation of 
Fr ),( tϕ  with time related to the amount of the failed links (represented by the part of 
the distribution that exceeds the maximum allowable chain’s length Nb=*r , Fig. 2b).  *),( rrH  is the Heaviside 
function (i.e. 0*),( =rrH  for *rr <  and 1*),( =rrH  for *rr ≥ ).  
Eq. (7) is the total variation of the distribution of the chains length, expressed as the sum of their variation with 
respect to the applied stretch for a fixed cross-links configuration (term 
xl),( trϕ ) and the variation with respect to 
time for a fixed stretch, 
Fr ),( tϕ , taking into account the loose of the broken links in the polymer network.  
The above relationships give the variation of the distribution function with respect to the current state ( ),( trϕ ), 
and can be considered to fall in the Lagrangian formulation framework.  It can easily be deduced that the current 
concentration of the active cross-links is given by ∫+∞
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= rr dttc ),()( ϕ  (graphically it represents the area under the 
),( trϕ  curve, Fig. 2b). 
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3.2. Determination of the stress state 
According to the rubber theory of elasticity, once the distribution of the chains’ length is available, the energy 
),( tV rΨ  of the system can be known and the internal stress state can be obtained as FrP ∂Ψ∂= /),( tV  (Piola 
stress).  By considering Eqs. (41) and (7), after derivation with respect to the deformation tensor F , it is possible to 
get the following expression for the first Piola stress tensor:  
∫
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(10) 
while the Cauchy stress tensor can be obtained as Jt T /),( FFPσ =  ( Fdet=J ), and the Green’s strain tensor by 
the well-known relationship )½( IFFε −= T  (Holzapfel (2000)). 
4. Experimental tests 
In order to quantify the mechanical behaviour of flawed elastomeric elements under tension up to final failure, 
different notched thin plates have been examined.  Pre-notched sheets made by Sylgard® polymer (a common 
silicon polymer obtained from the cross-linking of two vinyl-terminated polydimethylsiloxane matrix and an 
hydride terminated siloxane curing agent, with a Pd-catalyzed hydrosilylation) have been tested, and experimental 
results have been elaborated with Digital Image Correlation (DIC) technique by using the freeware NCORR 
software (Blaber et al. (2015)). 
Tab. 1. Geometric parameters and notch root stress concentration factors )(ρtK  for the Sylgard® specimens used in the experimental tests 
Specimen 
No. 
W  
(mm) 
2a 
(mm) 
2b 
(mm) 
t  
(mm) 
2a/W 
(---) 
a/b 
(---) 
ρ  
(mm) 
)(ρtK
(---) 
1a 117 40 10 3.15 0.342 4 1.250 12.43 
1b 117 40 10 2.10 0.342 4 1.250 12.43 
1c 117 40 10 2.40 0.342 4 1.250 12.43 
2a 117 40 2 2.00 0.342 20 0.005 61.73 
2b 117 40 2 2.00 0.342 20 0.005 61.73 
2c 117 40 2 1.80 0.342 20 0.005 61.73 
3a 117 40 <0.05 3.10 0.342 >400 --- --- 
3b 117 40 <0.05 1.30 0.342 >400 --- --- 
3c 117 40 <0.05 1.50 0.342 >400 --- --- 
 
 
The elastomers tested have an initial elastic modulus equal to about MPaE 377.0=  and Poisson’s ratio 
44.0≅ν , whereas the geometric properties of the specimens are shown in Tab.1.  In particular, two of the 
considered notched plates have different values of the root radius ( mm25.1=ρ  and mm005.0=ρ , respectively), 
while the last one is a cracked specimen (corresponding to the asymptotic case of a notch with zero curvature 
radius).  In Tab. 1, geometrical and notch-related parameters are displayed, and the stress concentration factors 
)(ρtK  for the actual finite plate are reported. 
Fig. 3 contains the images of all specimens in the initial undeformed configuration and in the stretched state just 
before the final failure.  As can be observed in Fig. 4, the crack pattern is characterized by a shape that significantly 
diverges by the ellipse’s main axis direction, as could be expected.  Before failure, the material can withstand a very 
high deformation level, with a strong defect shape re-modelling, which is in turn featured by an evident blunting. 
The triggering of crack propagation is also visible in Fig. 4.  The initial crack path direction is not in Mode I, i.e. 
it deviates with respect to the direction normal to the line of maximum stress distribution which is aligned with the 
original main axis direction of the defect.  This fact becomes evident in Fig. 4: the crack paths (highlighted with a 
red line) follow a quite uncommon behaviour, since the shape of the crack is curved rather than straight. 
Furthermore, the failure is asymmetrical with respect to the major axis of the ellipse. 
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Fig. 3. Shapes of the tested plates at incipient failure: (a, d, g) undeformed  and (b, e, h) deformed: (a, d, g) specimens No. 1,  2, 3 in the initial 
configuration,  and corresponding deformed shapes for an applied strain level equal to (b) 61.3%, (e) 49.1% , and (h) 68.1%.  Further: (c, f, i) 
green strain distributions along the x-axis for different levels of remote applied strain 0ε . 
              
Fig. 4. Crack patterns in the specimens after failure. The yellow lines represent the axis of symmetry while the red lines represent the observed 
crack paths: (a) Specimen No. 1, (b) Specimen No. 2, (c) Specimen No. 3. 
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3.2. Determination of the stress state 
According to the rubber theory of elasticity, once the distribution of the chains’ length is available, the energy 
),( tV rΨ  of the system can be known and the internal stress state can be obtained as FrP ∂Ψ∂= /),( tV  (Piola 
stress).  By considering Eqs. (41) and (7), after derivation with respect to the deformation tensor F , it is possible to 
get the following expression for the first Piola stress tensor:  
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while the Cauchy stress tensor can be obtained as Jt T /),( FFPσ =  ( Fdet=J ), and the Green’s strain tensor by 
the well-known relationship )½( IFFε −= T  (Holzapfel (2000)). 
4. Experimental tests 
In order to quantify the mechanical behaviour of flawed elastomeric elements under tension up to final failure, 
different notched thin plates have been examined.  Pre-notched sheets made by Sylgard® polymer (a common 
silicon polymer obtained from the cross-linking of two vinyl-terminated polydimethylsiloxane matrix and an 
hydride terminated siloxane curing agent, with a Pd-catalyzed hydrosilylation) have been tested, and experimental 
results have been elaborated with Digital Image Correlation (DIC) technique by using the freeware NCORR 
software (Blaber et al. (2015)). 
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2a 117 40 2 2.00 0.342 20 0.005 61.73 
2b 117 40 2 2.00 0.342 20 0.005 61.73 
2c 117 40 2 1.80 0.342 20 0.005 61.73 
3a 117 40 <0.05 3.10 0.342 >400 --- --- 
3b 117 40 <0.05 1.30 0.342 >400 --- --- 
3c 117 40 <0.05 1.50 0.342 >400 --- --- 
 
 
The elastomers tested have an initial elastic modulus equal to about MPaE 377.0=  and Poisson’s ratio 
44.0≅ν , whereas the geometric properties of the specimens are shown in Tab.1.  In particular, two of the 
considered notched plates have different values of the root radius ( mm25.1=ρ  and mm005.0=ρ , respectively), 
while the last one is a cracked specimen (corresponding to the asymptotic case of a notch with zero curvature 
radius).  In Tab. 1, geometrical and notch-related parameters are displayed, and the stress concentration factors 
)(ρtK  for the actual finite plate are reported. 
Fig. 3 contains the images of all specimens in the initial undeformed configuration and in the stretched state just 
before the final failure.  As can be observed in Fig. 4, the crack pattern is characterized by a shape that significantly 
diverges by the ellipse’s main axis direction, as could be expected.  Before failure, the material can withstand a very 
high deformation level, with a strong defect shape re-modelling, which is in turn featured by an evident blunting. 
The triggering of crack propagation is also visible in Fig. 4.  The initial crack path direction is not in Mode I, i.e. 
it deviates with respect to the direction normal to the line of maximum stress distribution which is aligned with the 
original main axis direction of the defect.  This fact becomes evident in Fig. 4: the crack paths (highlighted with a 
red line) follow a quite uncommon behaviour, since the shape of the crack is curved rather than straight. 
Furthermore, the failure is asymmetrical with respect to the major axis of the ellipse. 
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Fig. 4. Crack patterns in the specimens after failure. The yellow lines represent the axis of symmetry while the red lines represent the observed 
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Surprisingly the failure condition takes place at a level of the remote nominal strain 0ε  that does not reduce with 
the notch severity.  Thanks to the elevated deformation of the material, the stress value in the vicinity of the notch 
root remains limited, and the failure condition is almost independent of the initial notch radius.  The complete 
rearrangement of the notch shape is also responsible for the crack initiation direction which appears to not be in a 
pure Mode I (Fig. 4). 
The failure model for elastomers presented in Sect. 3 has been implemented in a non-linear 2D FE code, and the 
simulation of the deformation process taking place in a stretched notched sheet has been compared with that 
obtained from the DIC analysis.  In Fig. 5, the Green’s strain Eyy is shown for a significantly high level of nominal 
deformation applied to the plate ( 0ε =31%).  Three cases characterized by different levels of notch severity have 
been considered (see Tab. 1).  The local deformation close to the notch root (Fig. 5a, b, d, e) or to the crack tip (Fig. 
5c, f) reaches values equal to about 40%, irrespective of the stress concentration produced by the initial defect.  
Despite the significant uncertainties shown by the experimental measurements, the agreement between experimental 
stretched configuration data and numerical results is quite satisfactory. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Green’s strain Eyy  determined by (a, b, c) the DIC analysis and (d, e, f) the proposed model of failure for elastomers,  for a remote 
nominal applied strain 0ε  equal to 31%:  (a, d) specimen No. 1, (b, e) specimen No. 2,  and (c, f) specimen No. 3. 
 
 
5. Conclusions 
The problem of defect tolerance in highly deformable materials has been examined in the present paper.  Notched 
elastomeric sheets have been studied from experimental and theoretical point-of-view for different levels of notch 
severity.  It has been shown that the failure condition is almost independent of the initial stress concentration factor, 
and that the high deformation of the elastomeric sheet smoothes out the peak stress even for an initially sharp 
straight crack. 
The failure behaviour is interpreted through a model based on the micromechanics of failure in elastomeric-like 
materials composed by long entangled cross-linked chains.  The proposed model can macroscopically describe the 
failure of elastomeric materials on the basis of the micro damage mechanisms occurring at high strain levels in 
cross-linked polymeric chains.  The failure behaviour in soft materials such as rubbers, gels, biological tissues, 
liquid crystals, etc.  can be examined through the above approach. 
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